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Abstract

Reservoir sedimentation is a significant issue affecting global water resources.
Effective desilting is a sustainable strategy to extend reservoir lifespan and is more
economical and eco-friendly than building new dams. This study uses an experimental
model to investigate two key factors in desilting efficiency: orifice height and initial
sediment concentration. The method involved a cylindrical experimental barrel with
five orifices at different heights to simulate a vertical profile of the reservoir.
Experiments were conducted with initial concentrations ranging from 40,000 to 60,000
ppm. The results confirm a strong correlation between desilting efficiency and orifice
height. Efficiency increases almost linearly as the orifice is lowered. This is because a
sharp drop in concentration occurs when the interface between turbid and clear water
falls below the orifice level. Lower orifices delay this point, allowing for a longer period
of high-concentration discharge, which explains their higher efficiency. A major
contribution of this research is consolidating the experimental data into a single
universal releasing curve using dimensionless analysis. This predictive curve can
estimate the time required for desilting at different orifices, providing a scientific basis
for optimizing reservoir operations. This helps achieve maximum sediment release with

minimal water use, supporting sustainable reservoir management.

Keywords: reservoir deposition, desilting efficiency, non-dimensional analysis, orifice

height, universal releasing curve

- 150 -



Chapter 1 Introduction

1.1 Motivation

Although existing research has extensively explored reservoir sedimentation
mechanisms and various sediment discharge methods, there remains a significant
research gap regarding how the height of sediment discharge Orifices precisely affects
discharge efficiency under extreme rainfall conditions with drastic changes in sediment
concentration entering the reservoir. Additionally, there is a lack of experimentally
established, universal, and predictive sediment discharge models. This study aims to
fill the gap concerning the relationship between the Orifice elevation and sediment
discharge efficiency by conducting systematic experimental tests using a small-scale
laboratory model simulating a reservoir. Experiments were performed with different
sediment discharge Orifice heights and varying initial sediment concentrations.
Through these experimental data, the study seeks not only to gain a deeper quantitative
understanding of how these two key variables influence sediment discharge efficiency
but also to derive a universal sediment discharge curve capable of effectively predicting
discharge trends at different Orifice elevations. The findings of this research will
provide reservoir managers with more scientific and precise sediment discharge
strategies, thereby extending reservoir lifespan and optimizing water resource
management efficiency. Furthermore, this study will offer a valuable foundation for
future reservoir management systems to achieve sustainable water resource utilization

and effective sediment discharge.
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1.2 Literature Review

1.2.1 Settling Time

Settling curves under different concentrations can be unified through
dimensionless analysis. Lateral scale has little effect, while vertical scale only
influences the duration of the constant settling phase; the overall mechanism
remains unchanged (Hsu and Yu, 2007).

In cohesive sediments, flocculation reduces settling velocity and causes "hindered
settling," forming a clear water—-mud interface with stable stratification (Hsu,
2012).

The timing of the sharp concentration drop depends on interface velocity and
orifice height, occurring earliest at high orifices and latest at bottom orifices,

which sustain high-concentration discharge longer (Xu and Cao, 2024; this study).

1.2.2 Sediment Discharge Efficiency

Bottom orifices (ratio = 0.10) maintain efficiency above 0.70 even in later stages,
while high-level orifices (ratio = 0.25) show only about 0.35 and decline nearly
linearly with height (Jenzer Althaus et al., 2015).

A single flush through a bottom gate removes about 1.8 times more sediment than
higher orifices. Orifices below 0.25 of the water depth are recommended to delay
efficiency loss and extend the high-efficiency period (Castillo et al., 2015).
Bottom orifices connect directly to the dense turbidity current, preventing
premature withdrawal of clear water and showing greater discharge stability than

higher orifices (Morris and Fan, 2009).
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1.2.3 Sediment Concentration

At low initial concentrations, interface formation is weak and concentration data
less reliable (Hsu and Yu, 2007).

Depth profiles show a gradient decrease, matching the pattern where bottom
orifices sustain high concentration while high-level orifices drop rapidly (Julien,
2010; this study).

Long-term models confirm that high-level orifices lose effectiveness as
sedimentation progresses, whereas bottom orifices continue to discharge

efficiently, consistent with engineering observations (Huang et al., 2015).

1.2.4 Orifice Height

Sediment discharge efficiency is strongly governed by orifice elevation. When the
orifice lies below the clear water—-mud interface, discharge concentration follows
a linear distribution (Fan, 2008).

Low-level orifices decay more slowly over time, making orifice height a critical
geometric factor (Jenzer Althaus et al., 2014). Placing orifices below 0.25 of water
depth intercepts the dense mud layer and sustains high efficiency (Castillo et al.,
2015).

At bottom orifices, the interface arrives about 20% later than at high-level orifices,
keeping concentration 1.5-2 times higher during this period (Xu and Cao, 2024).

Such configurations also prevent premature withdrawal of low-concentration
water, ensuring efficiency and reservoir capacity, thus making bottom orifices the

optimal placement (Morris and Fan, 2009).
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Chapter 2 Research Methods

2.1 Experimental Setup

The experiment used a transparent acrylic settling column, 50 cm tall, with five
vertically aligned orifices at different heights and a constant water level fixed at 45 cm.
This setup simulates reservoir conditions and allows direct comparison of desilting

performance at different outlet elevations . The settling column is shown in Figure 2.1

and Figure 2.2
25 cm Orifices area
—_
25 V: 0.196 cm?
: = 1475 cm
; = ¥
v |
| 15cm
&
0.5 cm 7.5 cm
Test cylinder Constant hydraulic head
e height 50 cm 8 i height 45.25 cm
‘ 7.5 cm
& L
‘ 7.5 cm
® Orifices D ~ E
vertical spacing 6 cm
i 7.75 cm /
el | & ' From Orifices E to
Acrylic thickness T 1 the upper layer of
& / the acrylic0.75 cm

1cm

Fig. 2.1 Experimental settling column and dimensions.

Fig. 2.2 Experimental settling column

2.2 Number of experimental groups

This study used a settling column to control experimental conditions. Three initial
sediment concentrations (40,000, 50,000, and 60,000 ppm) were tested at five outlet

heights under a constant water level of 45 cm. The experimental combinations are

summarized in Table 2.1
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Table 2.1 The combinations of the number of experimental groups

] Initial ,
Experiment . Orifice
o concentration . Water level (cm)
Objectives position
(ppm)
40000ppm

Exploring the effects

of sand concentration

and Orifice height on 50000ppm Orifice A~E | Fixed water level 45 cm

the concentration of

the effluent sample. 60000ppm

2.3 Extract the sand weight from the sample.

Each sample was collected in a container, oven-dried for 24 hours, and then

weighed. The net sand mass was obtained by subtracting the container weight,

providing the sediment concentration at different times.

2.4 Calculate the kaolin concentration in the sample

. mass of solute (sand) .
Mass ratio = : (6) Mass ratio =
mass of solution

W_dry_sand

W _solution

2.5 Calculate sand discharge efficiency

Y Total Outflow Sediment

Sediment Release Efficiency (%) = STotal Inflow Sediment

2.6 Dimensionless Equation

)

®

To compare results under different conditions, the concentration data were

converted into dimensionless form. Each concentration was normalized by its initial

value (C(t)/Cyp), and time was scaled by the total experiment duration (t/t;otq;)- This

transformation allows the discharge trends from different cases to be compared on a

unified basis.

,_C® Lt
=" ©) t

- 156 -

(10)




Chapter 3 Research Results

3.1 Concentration Profiles at Various Orifice Heights

=
in

2 3 4 5 6 7 B 9 10 11 12 13 14 15

Time (min)

Fig. 3.5 Orifice E.
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3.2 Sediment Discharge Efficiency of Different Orifice Configurations

Table 3.1 Sand Discharge Efficiency Statistics (Percentage)

orifice 40000ppm 50000ppm 60000ppm
A 10.87% 17.11% 17.28%
B 30.15% 28.43% 31.90%
C 40.32% 45.62% 49.16%
D 58.92% 63.10% 67.21%
E 86.79% 86.41% 89.45%

The research clearly confirms a significant correlation between desilting efficiency
and the height of the sluice Orifice. The efficiency shows a near-linear increasing trend
as the Orifice position is lowered. The bottommost Orifice, E, achieved a desilting

efficiency exceeding 86%, far superior to the topmost Orifice, A. shown in Figure 3.6

100.00%

90.00% —40000ppm

80.00% 50000ppm

0,
70.00% —60000ppm

60.00%
50.00%
40.00%
30.00%
20.00% /
10.00%

0.00%

Sediment Discharge Efficiency (Percentage)

A B C D E
Orifice

Fig. 3.6 Superimposed Plot of Sediment Discharge Efficiency Curves
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Chapter 4 Discussion

4.1 Dimensionless Trend Analysis

After dimensionless transformation, concentration curves from different initial
conditions collapse into a single trend. The sharp concentration drop consistently occurs
at the same dimensionless time, indicating that discharge behavior depends mainly on
orifice height rather than initial concentration. This provides the basis for developing a

universal sediment discharge model. As shown in Fig. 4.1~4.5
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4.2 Analysis of Sand Discharge Efficiency Changes at Different Orifice
Heights

This experiment simulates reservoir desilting by investigating the sediment
discharge efficiency at five vertically arranged orifices. The experiment was conducted
under a constant head; therefore, pressure does not affect how the efficiency for any
given orifice varies with time. For experiments with various initial concentrations
(ranging from 40,000 ppm to 60,000 ppm), the resulting ranges of sediment discharge

efficiency for each orifice are as follows:

Table 2.2 sand discharge efficiency ranges (Percentage)

Orifice Position sand discharge efficiency ranges
A 10% to 17%
B 28% to 31%
C 40% to 49%
D 58% to 67%
E 86% to 89%

The data indicates that the sediment discharge efficiency of the uppermost orifice,
Orifice A, is not ideal. This is primarily due to its high elevation, coupled with the rapid
settling speed of the Kaolin particles, which leads to the quick clarification of the upper
water layer and limits the amount of sediment available for discharge . In contrast, the
bottom-most orifice, Orifice E, exhibits the most significant discharge efficiency,
capable of discharging over 86% of the initial sediment mass within the acrylic column.
The experimental results show that from Orifice A to Orifice E, the sediment discharge
efficiency exhibits a near-linear increasing trend across all initial concentrations.In
summary, moving from top to bottom, the lower the orifice elevation (i.e., further from
the water surface and closer to the column base), the better its sediment discharge
efficiency, demonstrating that the bottom-most orifice, Orifice E, is the most effective

for desilting. In agreement with published literature and field observations.
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Chapter S Conclusions

This study verifies the influence of orifice height and initial sediment
concentration on desilting efficiency through systematic model tests. The main

conclusions are as follows:
5.1 Orifice Height as a Key Factor in Desilting Efficiency:

The results confirm a strong correlation between desilting efficiency and orifice
height. Efficiency increases almost linearly as the orifice is lowered. The bottommost
orifice (E) reached over 86% efficiency, far higher than the topmost orifice (A). This
agrees with existing literature and engineering observations, showing the clear

advantage of low-level orifices in removing concentrated bottom sediment.
5.2 Universal Desilting Curve Model:

A major contribution of this research is consolidating temporal concentration data
into a single universal curve through dimensionless analysis. Within the 40,000—60,000

ppm range, the desilting trend is consistent and unaffected by initial concentration.
5.3 Mechanism of the "Concentration Plunge Point":

The sharp concentration drop occurs later when the orifice is positioned lower.
This happens when the turbid—clear interface falls below the orifice, after which only
low-concentration water is discharged. Lower orifices delay this point, maintaining

high-concentration discharge longer and explaining their higher efficiency.

In conclusion, this study clarifies how orifice height controls desilting efficiency
and establishes a predictive universal model. The model provides a scientific basis for
optimizing reservoir operations, achieving maximum sediment removal with minimal

water use, and supporting sustainable reservoir management.
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